Broom snakeweed was effectively controlled for at least 3 years with 0.6 kg a.i./ha (80% wettable powder) tebuthiuron on the Southern High Plains. Total herbage production decreased following broom snakeweed control, but grass yield generally increased when the snakeweed was removed. Broom snakeweed control was not affected by application time during the year. However, grass production was significantly reduced for three growing seasons by application of tebuthiuron in May. Grass yield was not affected by applications in either November or January.
and in Arizona (Schmutz and Little 1970) . Sperry and Robinson ( 1963) concluded that application of either 2,4-D (2,4-dichlorophenoxy acetic acid) amine or ester (1.1 kg a.e./ha) for two consecutive years, with optimum environmental conditions for growth, was necessary to control broom snakeweed. Other methods of chemical control have been tested but have not produced consistent results. Fire has been used to successfully control broom snakeweed during certain periods of the year (Dwyer 1967) .
This study was initiated to test the efficacy and longevity of broom snakeweed control with tebuthiuron (N-15-( 1, 1 -dimethyl-ethyl)-1,3,4-thiadiazol-2-yl]-N,N '-dimethylurea) applied at different dates and at variable rates. This study was also designed to measure herbage response following control of broom snakeweed.
Experimental Procedure
In the fall of 1974, research was initiated to control broom snakeweed. It was divided into two phases.
Phase I
This phase of the research was conducted on small plots (6 x 6m) on the Texas Tech University campus in Lubbock. The plots were located on a Sandy Loam range site characterized by an Amarillo fine sandy loam soil (an Alfisol). The soil is deep and moderately permeable. Important decreaser species on this site include blue grama (Bouteloua grucilis), sideoats grama (B. curtipendula), and Arizona cottontop (Digitaria cufijornicu).
Important increasers include buffalograss (Buchloe ductyloides) and perennial three-awns (Aristidu sp.).
The climate is semiarid to subhumid, warm, temperate and continental. The average precipitation ranges 43 to 63 cm/year and occurs chiefly April through October.
The experiment consisted of a completely random design with six treatments and three replications. Treatments consisted of tebuthiuron (80% a.i. wettable powder) applications of 0.0, 0.1,0.3,0.6, 1.1, and 1.7 kg a.i./ha. Tebuthiuron was applied in November, 1974, and January and May, 1975 . However, no plot was sprayed more than once. The herbicide was dispersed in water and applied with a backpack sprayer in which compressed CO, was used to maintain a constant spraying pressure. Approximately 1,300 ml total volume of aqueous solution were applied to each plot.
During the fall of 1975, 1976, and 1977 , herbage yields were measured by clipping five 0.11 -mZ quadrats within each 6 x 6-m plot. The herbage was dried at 60°C for 72 hr and weighed. Grazing was excluded from these plots for the duration of the study.
The data were analyzed by split plot analysis of variance; the means were separated by Duncan's new multiple range test. ' Xlemr tor clthcr grash, iorbs, or broom snakeweed within a year followed by similar letters are not significantly different (PG.05).
Phase
hlcan~ tar total production and broom snaheweed compoGtion were not separated by statidcal analysi\.
The Loamy range site was characterized by a Portales loam (a Mollisol) that generally occurs in swales and around playa lakes (Turner et al. 1974 ). The soil is developed over caliche or other stronger calcareous materials and it is moderately permeable. The major decreaser species on this site were black grama (Bouteloua eriopodu), sideoats grama, and vine mesquite (Panicurn obtusum). The major increaser species include blue grama, buffalograss, ring muhly (Muhlenbergiu torreyi), and broom snakeweed. Even though broom snakeweed is quite abundant, it has not caused abortions in livestock grazing on this site.
Results and Discussion

Phase I
Broom snakeweed comprised 20 to 52% of the species composition (by weight) of the untreated plant community on the Texas Tech campus (Table 1) . Application of tebuthiuron (0.6 to 1.7 kg a. i.iha) substantially reduced broom snakeweed in the community; however, it had little effect when applied at 0.1 to 0.3 kg a.i./ha.
The Sandy site was characterized by a degraded Gomez fine sandy loam (an Inceptisol), which occurs on level areas and in depressions. The soil is well drained and permeability is moderate to moderately rapid. Major decreaser species on this site include black grama, sideoats grama, and little bluestem (Schizachyrium scopurium). Blue grama, mesa dropseed (Sporobolus jlexuosus), and perennial threeawns are major increasers. Broom snakeweed is most often classified as an invader on this site. This site was reseeded in the late 1950's or early 1960's primarily to Caucasian bluestem (Bothriochlou cuucusicu). Establishment of a stand of introduced grasses was only moderately successful.
Herbage production on this site reflected the fluctuations in precipitation during the 3 years of the study (Table 1) . Grass production, which consisted primarily (>75% w/w) of blue grama and buffalograss, was not significantly affected by any rate of tebuthiuron until the third growing season after application, at which time production increased. Broom snakeweed began to be significantly affected during the second growing Table 2 . Influence of application date on grass, forb, and broom snakeweed production (kg/ha) during the first, second, and third year postapplication of tebuthiuron. '
The climate of Lea County is semiarid and continental with warm summers and cool, dry winters (Turner et al. 1974 ). The average annual precipitation is about 39 cm, with at least half of it occurring June through October.
The experiment consisted of a completely random design with six treatments and three replications. Tebuthiuron was applied at rates of 0.0, 0.1, 0.3, 0.6, 1.1, and 1.7 kg a.i./ha in November, 1975, and January, March, and May, 1976 . Tebuthiuron was dispersed in water and applied with a boom sprayer mounted on a farm tractor. A constant spraying pressure was maintained by using compressed CO,. Approximately 38 liters total volume of aqueous solution were applied to each plot. No plot was sprayed more than once.
Grazing was not excluded from these plots. Therefore, it was not possible to obtain herbage yields. However, broom snakeweed densities were determined in the fall of 1976 (Sandy site only) and in the fall of 1977. Counts were made in eighteen 0.22-m' quadrats within each plot.
The data were analyzed with a split analysis of variance and the means were separated with Duncan's new multiple range test. weed on the Sandy site at the end of the first growing season after application (Fig. 1) .
season, whereas, forb production was significantly reduced the first growing season but not thereafter. Generally, as broom snakeweed was reduced, it was replaced by grass in the community. The total herbage yield was not increased by broom snakeweed removal, but the composition of the community improved.
The rate of tebuthiuron at which broom snakeweed began to be significantly reduced was 0.6 kg a.i./ha. Although differences in broom snakeweed yield resulting from different rates of tebuthiuron began to appear during the second growing season after application, the effects became more consistent during the third growing season. Reduction of broom snakeweed by tebuthiuron applied at 0.6 kg a.i./ha was not significantly different from applications of higher rates.
Tebuthiuron applied at 0.6 kg a.i./ha significantly reduced broom snakeweed density on the Loamy site by the end of the second growing season after application (Fig. 2) . Although the broom snakeweed density was reduced, the reduction was not as great as that on the Sandy site. Apparently, effectiveness of tebuthiuron is reduced by heavy textured soils. Tebuthiuron applied at 1.1 and 1.7 kg/ha further reduced broom snakeweed density to approximately 5.4 and 3.2 plants/m", respectively, on the Loamy site.
Management Implications
Time of year of tebuthiuron application generally did not affect broom snakeweed control, but it did significantly affect grass production ( Table 2) . Application of tebuthiuron in May, when most grass growth begins in the Southern High Plains, had a tendency to reduce grass production for at least three growing seasons. Grass production during the three growing seasons following tebuthiuron application was always greater from the treatments applied in November, 1974. Grass production from treatments applied in January, 1975, was intermediate. These data suggest that one should not apply tebuthiuron in the spring to control broom snakeweed, but rather in the fall or winter.
Tebuthiuron has potential to control broom snakeweed on rangelands in the Southwest, especially on sandy soils. Results are best if tebuthiuron is applied preceding fall or winter precipitation.
Application of tebuthiuron just prior to initiation of grass growth should be avoided because of injury to the grass during this phenological stage.
Phase II
Ranchers and landowners should be aware that plant response to tebuthiuron can occur over at least a 3-year period. Perhaps the effectiveness of this herbicide will extend to 5 years or longer. Application of tebuthiuron at 0.6 kg a.i./ha reduces broom snakeweed on light-textured soils to an extent that releases competition and allows increased grass production. It is also important to note that livestock abortions average about 5% annually on Sandy sites dominated by broom snakeweed, but may be as great as 60% under certain environmental conditions. Significant reduction of broom snakeweed on Sandy sites could concomitantly increase calf crops in these areas.
Broom snakeweed growing on Loamy and Sandy range sites responded differently to tebuthiuron. Tebuthiuron at rates 0.1 to 1.7 kg a.i./ha significantly reduced the density of broom snake-
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